A series of six experiments was conducted to increase understanding of human performance on diagnostic tasks, and in the process to investigate the feasibility of using context-free computer-based simulations to train troubleshooting skills. Three simulated diagnostic tasks were dtVeloped: a Simple context-free task, a complex context-free task, and, a context-specific task Jsimulation of aircraft powerplants). The six studies evaluated the effects of computer aiding on the performance of each task and on subsequent unaided performance, using different task mixes, subjects (4 to 48 engineering or technical trainees), and conditions (self pacing vs. forced pacing, feedback loops). Computer aiding reduced the number of tests required to diagnose simplc problems and enhanced subsequent performance except when subjects were nder time Training on the simple: task with computer aiding ;first hibited and them enba%id perforiance on the complex context-1;:: t:sk. Training 'on, the context`-free tasks improved performance on the context-specific Results tabase fcr both theoietical issues in fault d nosis and practical application ccf computer aiding to live system performance.
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Reproductions supplied by EDRS are the best that can be made * from the original document. This report summarizes a series of experiments conducted to increase our understanding of human performance on diagnostic tasks, and, in the process, to investigate the feasibility of using context-free computerbased simulations to train troubleshooting skills. To investigate the effects of selected aspects of diagnostic tasks (problem complexity, pacing, and the presence or absence of computer aiding) on human performance. To investigate the effects of contextfree diagnostic training on the performance of situation-specific diagnostic tasks.
Procedure:
Three diagnostic tasks were developed: a simple context-free task ("and" gates only); a complex context-free task ("and" gates, "or" gates, and feedback loops); and a context-specific task (simulation of aircraft powerplants). Six experiments were conducted to evaluate the effects of computer aiding on the performance of each task and the effects of aiding on subsequent unaided performance.
Findings:
Computer aiding reduced the number of tests required to diagnose the simple problems and enhanced subsequent unaided performance. The latter effect was not present when students were under time pressure, howevor. Training on the simple task, with computer aiding, first inhibited, then enhanced, performance on the complex context-free. Training on the context-free casks improved performance on the contextspecific task.
Utilization of Findings:
The results of these experiments provide a data base to be utilized for testing approaches to theoretical issues in fault diagnosis as well as the practical application of computer aiding to live system performance INTRODUCTION This report summarizes research efforts aimed at increasing our understanding of human fault diagnosis abilities and how these abilities might be enhanced through the use of computer aiding. Based on this evidence, the subject's task is to "test" arcs until the failed node is found. The upper lefthand side of Figure 1 illustrates the manner in which connections are tested. If they responded to the * with a simple "return", they are asked to designate the failed component. Then, they are giyen feedback about the correctness of their choice. And then, the next problcm is displayed.
In the experiments conducted using Task One, computer aiding was one of the experimental variables. The aiding algorithm is discussed in detail elsewhere (Rouse [11] assumed that a situation with continuous inputs and outputs can be mapped into a representation such as that in Figure 2 using the acceptable/unacceptable dichotomy. As before, if either of these two conditions is not satisfied, the component will produce a 0; Thus, hexagonal components are like OR gates.
The square and hexagonal components will henceforth be referred to as AND and OR components, respectively. However, it , is important to emphasize that the ideas discussed here have import for other than just logic circuits. As a final comment on these components, the simple square and hexagonal shapes were chosen in order to allow rapid generation of the problems on a graphics display.
The overall problem is generated by randomly connecting Since this task is context-specific, we can employ hardcopy schematics rather than generating random networks online.
A typical schematic is shown in Figure 3 . The subject interacts 4 with 'this system using the display shown in ' Figure 4 . This alphanumeric CRT display was generated by a DEC System 10. The first experiment utilized Task One and considered the the effect yi of problem size, computer aiding, and training.
Problem size was varied to include networks with 9, 25, and 49
components. The effect of computer aiding was considered both in terms of its direct effect on task performance and in terms of its effect as a training device [Rouse, 1978a] . However, subjects performed much better than a "brute force" strategy which simply traces back from an arbitrarily selected 0 output. This result can be interpreted as meaning that subjects used the topology of the network (i.e., structural knowledge) to a great extent as Page 13 well as knowledge of network outputs (i.e., state knowledge).
Considering the effects of computer aiding, it was found that aiding always produced a lower average number of tests.
However, this effect was not statistically significant. Computer aiding did produce a statistically significant effect in terms of a positive transfer of training from aided to unaided displays for perceht correct. In other words, percent correct was greater with aided displays and subjects who transferred aided-to-unaided were able to maintain the level of performance achieved with aiding.
Experiment Two
This experiment utilized Task One and was designed to study the effects of forced-pacing [Rouse, 1978a] .
Since many of the interesting results of the first experiment were most pronounced for large problems (i.e., those with 49 components), the second Experiment Four considered subjects' performance in Task Two [Rouse, 1979b] . Since the main purpose of this experiment was to investigate the suitability of a model of human decision making in fault diagnosis tasks that include feedback and redundancy, only four highly trained subjects were used.
The two independent variables included the level of feedback and the ratio of number of OR to AND components in a network of components. TWo levels of each variable were used in a within subjects factorial design. A latin square was used to determine the order of runs for each subject.
The results of this experiment indicated that increased redundancy (i.e.,more OR components) significantly decreased the average number of tests and average time until correct solution of fault diagnosis problems. While there were visible trends in performance as a function of the level of feedback, this effect was not significant. The, reason for this lack of significance was quite clear.
Two subjects developed a strategy that carefully considered feedback while the other two subjects developed a strategy that discounted the effects of feedback.
Thus, the average across all subjects was insensitive to feedback levels.
One of the models to be described later yields a fairly succinct explanation of this result.
Experiment Five
The purpose of this experiment was to investigate the 'perfor.thance f maintenance trainees in Task Two, while also trying to replicate the results of Experiment Three. Forty-eight trainees in the, first semester of a two-year FAA certificate program served as subjects [Rouse, 1979d] .
The design,involved a concatenation of experiments Three and Four.
Thus, the experiment included two sessions.
The first session was primarily for training subjects to perform the simpler Task One. Further, the results of this first session, when compared with the result of experiment three, allowed direct comparison between first and fourth semester trainees.
The second session involved a between subjects factorial design in which level of feedback and proportion of OR components were the independent variables. Further, training on Task One (i.e.,unaided or, aided) was also an independent variable.
Thus, the results of this experiment allowed us to assess transfer of training between two somewhat different tasks. This result led to the conjecture that the first semester students differed from-the fourth semester students in terms of A.Otellectual maturity (i.e. the ability to ask why computer aiding was helping them rather than simply accepting the aid as a means of making the task easy).
On the other hand, Task Two provided some very interesting transfer of training results. It is useful to note here that these quite succinct conclusions, and others not discussed here (Rouse, 1978b (Rouse, ,1979b 
Models of Task Complexity
It is interesting to consider why some fault diagnosis tasks take a long time to solve while others require much lesstime.
This led us to investigate alternative measures of complexity of fault diagnosis tasks . system performance [Johnson, 1979] . Ad6 usual, all the research reviewed here has raised many more interesting questions, the answers to which are important if our knowledge of human problem solving performance in fault diagnosis tasks is to prove useful in the design of real-life systems.
